INTRODUCTION
Wheat (Triticum aestivum) is one of the worlds' most productive and important crop in the 21 st century. There is increased consumption and demand for grain, for fuel as well as food (Curtis and Halford, 2014) . Wheat yields must be increased which is seen as an important strategy to prevent food shortages (Curtis and Halford, 2014) . It is one of the key staple crops for global food security, providing more than 35% of the cereal calorie intake in *Corresponding author. E. mail: beatricetenge@yahoo.com. Tel: +254722650858.
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License 4.0 International License the developing world, 74 % in the developed world and 41 % globally from direct consumption (Shiferaw et al., 2013) . Wheat is the second most important cereal staple food after maize in Kenya (USAID, 2010) . In Kenya it is mostly grown in the Rift Valley, some areas of upper Central province (Nyandarua, Nyeri) and parts of Meru (Timau) (USAID, 2010) .The crop is susceptible to three types of rust; stem (black) rust (Puccinia graminis f.sp.tritici), leaf (brown) rust Puccinia triticina, and stripe (yellow) rust Puccinia striiformis f.sp. tritici (Dubin and Brennan, 2009) .
In most wheat-growing regions of the world, existing environmental conditions would favour stem rust infection, which could lead to epidemic buildup (Singh et al., 2011) .The stem rust is the most devastating of the rust diseases and can cause losses of 50% in one month when conditions for its development are favourable. Losses of 100% can occur with susceptible cultivars (FAO, 2002 ). An estimated 80-90% of all global wheat cultivars growing in farmer's fields are now susceptible to Ug99 or variants (Ug99 factsheet, 2010). Ug99 is the only known race of wheat stem rust that has virulence for an extremely important resistance gene -Sr31. In addition, Ug99 has virulence against most of the resistance genes of wheat origin and other resistance genes from related species (Ug99 factsheet, 2010).The stem rust resistance gene Sr31 derived from rye has been used as an important source of stem rust resistance in many wheat cultivars worldwide. However, isolates of stem rust with virulence to Sr31 were identified from Uganda in 1999. Similarly stem rust susceptibility in wheat lines with Sr31 was observed in Kenya in 2003 and 2004 (Jin and Singh, 2006 .
Ug99 possesses broad virulence, especially virulence to genes commonly used in combinations for stem rust resistance in wheat cultivars (Jin and Singh, 2006; Njau et al., 2009) . Detection in Kenya of a new variant TTKST in 2006 with virulence to gene Sr24, which caused severe epidemics in 2007 in some regions of Kenya and rendered about half of the previously known Ug99-resistant global wheat materials susceptible, has further increased the vulnerability globally . The emergence of virulence on Sr24 within the TTKST race cluster has probably increased the vulnerability of wheat to stem rust worldwide because of the widespread use of this gene in breeding . Nearly all Kenyan germplasm are known to be susceptible or partially susceptible to Ug99 (Njau et al., 2009 ). The stem rust resistance gene Sr36 confers a near-immune resistance reaction to many races of Stem rust and is highly effective against race TTKSK, which possesses unusually broad virulence combinations. Because this gene is widely used in United States soft winter wheat germplasm and cultivars, it has been considered to be an important source of resistance to TTKSK (Jin et al., 2009 ).
The spread of Ug99 race group of stem rust in Eastern and Southern Africa and beyond has brought back stem rust research and development activities back onto the international wheat improvement agenda under the BGRI (Singh et al., 2015) . Currently, the research of stem rust in wheat is focusing on identifying further resistance genes to control Ug99 and its derivatives (Haile and Roder, 2013) . Despite the identification and deployment of a number of rust resistance genes to protect wheat crops, the emergence of virulent pathogen pathotypes can restrict their durability and use (Pathan and Park, 2006) . Therefore resistance in wheat varieties has to be constantly improved to avoid having susceptible genotypes in production. Genetic improvement to minimize yield loss under disease is an attractive goal, as it exerts little or no selection pressure on pathogen populations, and could form a useful component of durable disease management programmes (Bingham et al., 2009 ). Because of this, there is a constant need to identify, characterize and deploy new sources of resistance (Pathan and Park, 2006) . With world population increasing, food security is projected to become more critical; therefore increasing wheat yield potential in the developing world remains a high priority (Duveiller et al., 2007) . Breeding resistant wheat varieties that have superior yields than currently grown popular varieties is the best (Singh et al., 2011) .
MATERIALS AND METHODS

Seedling stage experiment
Experimental genotypes
The genotypes were made up of forty five advanced wheat lines and five local checks of the commonly grown varieties (Table 1) . The advanced lines are mainly selection from the CIMMYT durable resistance rust nursery. The CIMMYT germplasms are used in Kenya for breeding to develop varieties that are resistant. The genotypes are selected continuously over seasons and tested both in Kenya and Mexico. The advanced lines were selected from CIMMYT lines that showed promising traits for both yield and stem rust resistance.
Inoculum preparation for seedling stage resistance
The inoculum used was collected from the trap nurseries of KALRO Njoro usually in the evening when it was cold. The trap nurseries were planted using the highly susceptible variety Cacuke for high amounts of Urediniospores used for inoculation. The trap nurseries were planted early before the main crop. It contained a bulk of Urediniospores of the common two races of TTKST and TTKSK. The inoculum was made up of a mixture of pathotypes for both TTKST and TTKSK stem rust races occurring in Kenya. The inoculum measured was based on the amount of spore number per unit dilute spores in a 1:1 mixture (Table 1) .
Seedling stage experiment
The experiment conducted in the greenhouse was at the Kenya Agricultural Livestock and Research Organization (KALRO) Njoro. Fifty pots of 5 cm diameter each filled with a potting media (Hygromix) were used for planting ten seeds of the genotypes. The pots were placed in a plastic tray of ten pots each. The inoculated plants were air dried for half an hour. The pots were then placed in the growth chamber and removed after ten days for inoculation. The inoculum prepared before containing a bulk of the stem rust races mainly TTKST and TTKSK was sprayed on the genotypes and local checks using a hand sprayer. The pots were then kept in a dark humidity chamber for 48 h before taking them to the incubation chamber.In the incubation chamber the pots were left until spores started forming for data collection. Data collection was done fourteen days after inoculation when most of the leaves showed infection. To test for resistance the experiment was repeated five times in the greenhouse and data collected was used to determine which genotypes had resistance.
Data collection
Assessment was done to show which genotypes were consistent for low levels of infection types. The genotypes were scored following a scale of 0-4 according to Stakman et al. (1962) as described below. The numbers indicate the infection type while the host response is described as immune to very susceptible as follows; 0=immune, ; = nearly immune, 1=very resistant, 2=moderately resistant, X, Y, Z= heterogenous types,3=moderately susceptible and 4=susceptible. All data was collected and compared for consistency for the seedling stage resistance.
Field experiment
Experimental locations
The experimental locations used were established at three Locations: namely Mau-Narok, Njoro and Lanet.Kenya Agricultural livestock and Research organization (KALRO), situated at Njoro location with an altitude of 2185 meters above sea level (masl), average annual rainfall of 935 mm and minimum and maximum temperatures of 9.7°C and maximum of 23.5°C, respectively. Agricultural Development Corporation (ADC) Enchili farm MauNarokis situated at Mau-Narok location with an average annual rainfall of 752 mm, an altitude of 2900 masl and an annual rainfall range of 1,200 to 1,400 mm, minimum and maximum temperatures ranges of 6 to 14°C and 22 to 26°C, respectively. Kenya Plant Health Inspectorate Service (KEPHIS) Lanet is situated at Dundori location, 1920 masl with a minimum temperature of 10°C and maximum temperature of 26°C and annual rainfall of 800 mm.
Experimental procedure
Land preparation was done with one plough and two harrows for all the three locations to obtain fine seedbed. The trial design at all the three locations was an alpha lattice of 5 blocks with 10 plots within blocks and replicated three times and plot sizes were 1m by 2m. Spacing was 20 cm between rows by drill. Planting was done by hand in all the three locations. The genotypes were mainly fifty wheat advanced genotypes selected from CIMMYT nursery including five checks of the commonly grown commercial varieties. The genotypes were tested for resistance to stem rust under natural infection. Genotypes possessing Sr24 genes with susceptibility to TTKST were used as a spreader. Four rows of the Sr24 susceptible genotypes used as spreader were planted around the experimental plot and between replicates. A seed rate of 125 kg ha -1 which amounts to 25 g -1 plot and 5 g -1 for 5 rows in a plot was used. During planting fertilizer was applied at the rate of 22 kg of N ha -1 and 25 kg of P ha -1 . At five weeks after planting nitrogen was top dressed at the rate of 32 kg of Nha -1 . Weed control was done using Hussar evolution herbicide at the rate of 0.15 ml 1m -2 . Scoring of stem rust was done when 50% of the susceptible spreader genotypes had been affected. Scoring was done three times across all the locations after twelve days and ten days from the first reading and second reading respectively.
Data collection
Data on diseases severity were scored following the modified Cobb scale as described by Peterson et al. (1948) . Cobbs scale key of 0.37 representing 1% of the actual affected tissue by disease to 37.0 represented 100% leaves covered by pustules. The percentages indicated the infection type used to determine the disease severity of 0-100%. The host response was assessed as described in Roelfs et al. (1992) . The adult plant response to infection in the field was scored using 'R' indicating resistance, 'MR' indicating moderate resistance, 'MS' indicating moderately susceptible, 'S' indicating full susceptibility. The overlapping responses between two categories scored as 'M' were indicatedusing a slash between the two which was MR/MS.
Yield and thousand kernel weight
Grain yield -1 plot of the entire experimental plots was weighed in grams and converted to tones ha -1 for all the plots in the three locations having a total of 450 data entries. The weight of thousand kernels of grains harvested from each experimental plot was also measured. The thousand kernel weight was a yield component.
Data analyses
The Area under the Disease Progress Curve (AUDPC) was calculated for all the forty five elite genotypes and five local checks according to the formula of Shaner and Finney (1977) :
Yi=the disease severity at the i th observation, Xi=time in days at the i th observation, n= total number of observations. Analysis of variance was used to find the mean values of AUDPC using SAS version 8.02 (SAS/STAT software 1999). The experimental model is shown below;
l=1… 5,Yijk-overall response of the genotypes µ-the overall mean, Gi-effect due to the i th genotype in the k th replicate and l th block Bl(k)-effect of the l th block in the k th replicate, Rk-effect due to k th replicate, Lj-effect due to j th location, GLij-interaction between the i th genotype, j th location and ijkl-random error component.
Analysis for stability of the genotypes done using the variance for a genotype across environments (Si 2 ) was used to determine the most stable genotype on disease across the three locations using the formula described by Francis and Kannenberg (1978) ,
Where Si 2 is the variance for a genotype across environments, q= number of locations, xij= is the observed mean of the genotype, ̅ =the mean of the genotype in the three locations. The Coefficient of Variation of each genotype (CVi) was used to determine the most stable line on disease and yield across the three locations using formula described by Francis and Kannenberg (1978) ,
Where CVi is the Coefficient of variation of each genotype in percentage, Si is the standard deviation for each genotype, ̅ is the mean of the genotype i across locations.
The correlation coefficient r between yield and AUDPC and between yield and final disease severity was calculated following the formula of Mead et al. (1993) .
RESULTS
Seedling stage resistance experiment
Variation was observed among the genotypes for seedling stage infection after a repeated score of five times (Table 2) . From the results considering top 25 genotypes (Table 2) , the genotypes with small sized Uredinia surrounded by necrosis were very resistant and these were genotypes KSL50, 31, 44, 54, 51, 156, 81 and KSL33. The Uredinia that were medium often being surrounded by chlorosis or necrosis were moderately resistant; they are genotype KSL144, 115, 146, 69, 76, 161, 53, 137, 37, 52, 17 Table 3 ).The percentage of the very resistant genotypes at seedling stage of the best performing twenty four genotypes was 32% compared to the rest at 44% of moderately resistant and 24% for moderately susceptible.
Field experiment
Performance of genotypes across location
The area under the disease progress curve values ranged from KSL 142 (28.9) for the best performing genotypes to KSL 42 (1085) which was the worst (Table  4 ). The lowest values were for the most resistant varieties and highest values for the most resistant. The final disease severity values showed the best genotype having the lowest and worst having the highest at KSL 142 (2.8%) to KSL 42 (80%). The diseases severity progressed as the growth of plant increased the first had low disease levels by the third reading the levels increased. Under natural infestation Mau-Narok crop had most of the stems and leaves with a lot of Urediniospores at 80% for the worst genotype KSL 42 compared to Njoro at 73% and Lanet 56.7% for the three locations. The genotypes had the lowest at 10% in Mau-Narok and 0% Njoro and Lanet. For the AUDPC values Mau-Narok had 1080 for KSL 42, with Njoro at 1040 and Lanet at 916.1 as the worst performing genotype.
The analysis of variance for Area Under Disease Progress Curve (AUDPC), Final Disease Severity (FDS) , yield and 1000-kernal weight was performed using SAS version 8.02 (SAS/STAT software 1999). The ANOVA for AUDPC revealed variation among the genotypes and locations (Table 5 ). The locations were significantly different in performance at P<0.05; the genotypes were The same case applied to the AUDPC across the location which was highly significant at P<0.05, P<0.01 and P<0.001 with Mau-Narok having the highest mean at 363.18 followed by Njoro at 326.87 and Lanet at 231.95. The genotype and AUDPC relationship was highly significant with less consistency in performance among most of the genotypes. The genotype and location interaction was highly significant with the genotypes with low values in one location having low values across all the three locations with Mau-Narok having consistently higher AUDPC values compared to Njoro and Lanet.
Stem rust disease effect on the genotype yield and thousand kernel weight (TKW)
The grain yield relationship between location and yield ). The same genotypes performed well in Njoro and Lanet. The interaction between genotype and location for yield was highly significant with Mau-Narok reporting the highest grain yield per genotype. Njoro had better grain yield per genotype with Lanet having less grain yield per genotype.
Genotypic performance for TKW showed no significant genotypic variation under stem rust infection. For example genotype KSL 50, 31, 44, 115, 146 and 69 had high TKW in terms of overall genotype performance but not significant at P<0.05, P<0.01 or P<0.001.The interaction between genotype and location for TKW was only significant at P<.0.05 and P<0.01 not significant at P<0.001. Njoro appeared to positively interact with genotypes giving high values. On the other hand MauNarok some genotypes with high and others low but slightly lower general mean of 0.2555 than Njoro of 0.0274. The thousand kernel weight was not significant at P<0.05 for genotype, there were no variations from one genotype to the other. There were highly significant differences for location and thousand kernel weight at P<0.05, P<0.01 and P<0.001.
There was a negative relationship between disease severity, progress and yield while using the AUDPC and Final Disease Severity values. The more the disease pressure the lower the yields across the study locations of Mau-Narok, Njoro and Lanet.
Adult plant response to infection for the genotypes in the three locations
In Lanet the genotypes that had a resistant (R) reaction to stem rust were KSL 142, 71 and 144. The ones possessing a moderately resistant (MR) reaction were genotypes KSL 161, 69, 50, 156, 81, 137 and 57. The genotypes with moderately resistant to moderately susceptible (M) were KSL 44, 115, 146, 76, 53, 73, 54, 51, 72, 33 and 17 ( 
Correlation between yield, AUDPC and final disease severity
The correlation coefficient (r) for AUDPC and grain yield was found to be -0.943, while coefficient of determination (r 2 ) was 0.890 ( Figure 1 ). Similarly Final Disease Severity and yield r was -0.84 and r 2 was 0.0705 ( Figure 2 ). The r value revealed a strong negative relationship between yield and AUDPC and also for yield and FDS within the linear model explaining 84% of the variation relationship. For the yield and FDS relationship 70.5% was explained.
DISCUSSION
Seedling stage resistance
In the seedling stage resistance 84% of the top twenty four genotypes had adequate resistance levels of 1+ and 2+ for infection types and being very resistant and moderately susceptible. Seedling resistance according to Pathan and Park (2006) by comparison, is effective at all growth stages. As suggested by GRDC, (2012) protection at the seedling stage is provided by 'major' or seedling resistance genes, which have much larger effect and often provide complete resistance at all growth stages.
ANOVA for the four parameters AUDPC, FDS, TKW and yield
There was a highly significant genotype and location interaction for FDS and AUDPC (P<0.001), for yield it was only significant at P<0.05. As illustrated by Finlay and Wilkinson, (1963) that adaptability has proved to be of particular importance, because edaphic variation between localities and the seasonal variation in any one locality are very great. Thus the mean values for MauNarok were slightly high for AUDPC at 363.18 much higher than Lanet but comparable to Njoro at 231.97 and 326.57 respectively. Genotype KSL 142, 71, 144, 50, 31 and 44 showed resistance to stem rust disease across the three locations. At Mau-Narok all the genotypes had high disease severity levels. Grain yield mean for the three locations also had variations with Mau-Narok at 2.82 t/ha, Njoro 1.27 t/ha and Lanet 0.514 t/ha (Table 5) . Mohammadi, et al. (2012) established that grain yield in wheat is frequently the sink limited, and for this reason, the 1000 kernel weight has been reported as a promising trait for increasing grain yield in wheat under different conditions. The TKW showed less variation among the genotypes except for location. The grain yield values showed consistency with the genotypes performance across the locations. From the ANOVA the grain yield data identified KSL 137 at 2.63 t ha -1 , KSL 31 2.52 t ha -1 , KSL 50 2.46 t ha -1 and KSL 53 2.63 t ha -1 as the best performing across the three locations. The AUDPC was expressed in %-days (accumulation of daily percent infection values) and interpreted directly without transformation. The higher the AUDPC, the more susceptible was the genotype as verified by Ali et al. (2012) . There was also a correspondence between genotype susceptibility and AUDPC showing that the most susceptible recorded higher AUDPC values.
Genotype by environment (location) interaction for the three locations
There were variations among the three locations which revealed the genotypes KSL 137, 54, 31, 146, 44, 161, 17 and KSL 53 having good grain yield performance in Lanet. Genotypes KSL 142, 50, 31, 54, 137, 76, 44, 51, 161 and 146 performed well in Njoro. Genotype KSL 137, 50, 31, 44, 53, 33, 17, 156, 72 and 161 were the best performing in Mau-Narok. As stated by Yan (2002) that the measured yield of each cultivar in each test environment is a mixture of environment main effect (E) genotype main effect (G) and genotype and environment (GE).
The TKW values were related to yield as the same genotypes tended to have a slightly higher weight than the ones with low yields for example genotypes KSL 50, 31, 44, 115, 144, 142, 146, 69 and 76 although not applicable to a few of the high yielders such as KSL 137. According to Yan (2002) that typically E explains most (up to 80% or higher) of the total yield variation and G and GE are usually small. The environments showed that wheat grain yield was significantly affected by environment as in the case of Mau-Narok reporting greater grain yields. Mohamed (2013) added that the large yield variation explained by environments indicated that the environments were diverse, with large differences between environmental means contributing most of the variation in grain yield.
Seedling and adult stage resistance of the genotypes
Seedling and adult stage resistance genes as explained by Morgounov et al. (2010) in wheat fall under two broad categories and are referred to as seedling and adult plant resistance (APR) genes. Seedling resistance genes are detected during both the seedling and adult plant stages and as such constitute an all stage resistance phenotype. APR is commonly detected at the post-seedling stage and often as field resistance.
Therefore the genotypes that had seedling stage reflected well with resistance in the field. The genotypes for trends have shown that the agronomic performance is superior. Wang et al. (2005) explained that the adult plant resistance (APR) is of major importance in breeding for an efficient genetic control strategy and added that it is possible to combine major resistance genes and APR genes to achieve durable resistance. In the study stem rust severity and yield relationship was explained by the negative and high correlation coefficient (r=-0.943) for AUDPC and yield (Figure 1) . The Final disease Severity and yield was at (r=-0.839) (Figure 2 ) also having a strong negative relationship, Jeger (2004) explained that even where disease resistance is a major target in breeding programs, the effect on yield and productivity is an important trait, thus the additional value of the relationship between AUDPC and yield components. There is strong evidence from the study that grain yield loss and stem rust disease are highly associated. The coefficient of determination (r 2 ) was based on the amount of variability in one variable (yield) that was explained by the linear function of the other variable (AUDPC). The same case applied to FDS and yield by Gomez and Gomez, (1984) . The correlation values for AUDPC and Final Disease Severity signify that yield losses increased under disease presence in a progressive manner.
Coefficient of variation (CV i ) and variance (S i ) for AUDPC and yield and final disease severity and yield
The coefficient of variation (CV i ) was used to determine stability for FDS and yield among the genotypes, from Yan (2002) visualization of the genotype stability is always an important issue in cultivar evaluation. For FDS KSL 69 (8.8%) 54 (12.38%), 161 (14.9%) and 156 (18.24%) were identified as the most stable with less than 20% CV i from Lin et al. (1986) and the most unstable were KSL 137 (96.7%) 44 (89%) and KSL 76 (86.57%) among the top twenty four genotypes. While using the yield data to identify stability most of the genotypes were unstable.
Conclusion
The parameters used were adequate enough to distinguish resistant/susceptible, stable/unstable high yielding/low yielding genotypes where stem rust disease occurred. The genotypes KSL 161, 73 and KSL 156 were consistent in performance for the seedling, adult stage, yield, FDS stability and thousand kernel weight performances as the best. The genotypes KSL 137, 50, 161, 31, 44, 53, 33 and KSL 73 had overall performance for the seedling, adult stage, yield and thousand kernel weight performances except for FDS and yield stability across the three locations. The genotypes KSL 156, 72, 52 and KSL 57 performed well in Njoro and Mau-Narok. In Mau-Narok genotypes KSL 137, 72, 17 and 33 performed well. The same genotypes expressed resistance or moderately resistance host response therefore superior on grain yield. The genotypes should be recommended for production or used for improving the already existing varieties. The results confirm that stem rust disease pressure was high and also caused grain yield loss. These suggest that wheat production in Kenya has to be done with effective management options available for stem rust, which may also be applicable in the Eastern Africa region. Management options should be maximized which may include a holistic approach such as an integrated disease management. To identify genotypes with yield stability more work needs to be done to identify the ones with wide adaptability across all major growing locations.
